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murn ffoductivi!,y of lancl-uses (Shalrn:t

er al. 1992); Rai er ai. (J994) l.ravc de-
sclibcd chc traclitional conservatiolr f r:rc-

ri,,.':'rrd relarion.hip. wirh Iand ir;e irr

N4amlay rvatershe,.l in the Sil<Lim lIi-
nal:rya. lt was observecl that the agricul-
rural land area has considclably increasecl

over the past 40 years (Sharrne et al.
1992; Rai ct al. 1994). Thc soil u'ithoLrr
tree cover on sreep upland fa|rning sys-

rcrlls sLrch J5 a.s."i,rrc.l uirh n.rr'r itrtcn
sive aglicultural pfacticcs is vulncrable to
soil err:sion rntl reduced soil lenility (Rei

and Sharma 1995).
Irlolrnation on thc hydrological cycle

in rhe hills is very inrportant lot consider-
ing managcmcnt strategies at a watershcd
level. Llnlolrunately, therc is uo such clata

availablc fbl the Hirnalaya. The prcsent
investigation $'as undertakcn to undef-
.rrn.l rlrc,liflelent ,'cologi,.rl I'roccs'ct i r-

volving hydrolc,gy in a hill rvrtershed. The
srrrdy rvas dividcd to consider the follow-

' ing (i) clr.rinage, discharge, and scdiment
coDccntration, (ii) precipitation, ovcrland
llow, and soil loss in diffcrcnt land uses,

.1nl liiil prr.iIir.rriorr [,arririnniug p, rh-
ways in lbrests and agfoforcslry s,vslcnls.

The rrea of thc study fllls iu che eastetn

Himalayrn region tlur receives high rain-
fall. In rcccnt )'ears exponential grot-th ill
popularion and ffaSrncntation of frirrrr
fimilies have causecl a r-eduction in land-
lrolding 'izc. q,rr5gqngnrll f"r, ilg rlre

lhrnrers towalds inrcnsivc culcivation (Rti
and Sharma 1995). These abovc mcn-
rioned factors lcad to enhatrr:erl soil and

nlrtrielt loss. 
-l'his study bro,rdly focuses

on drc ebove mentioned r:hrec hydrologi-
cil aspects in considcrable deLril lor dil'-
ferent lartd uses and u.atcrshecl as a *,tcrtc.
rvhich coulcl be useful in dcvclopmcnt
antl man:rgemcnt planning.

Study sites
The Manlay warcrshed is aglalian and

locacecl in the south disrrict of SikLim
(27'10' 8" to 27"14'16" N and 88'
I 9'53" ro 88" 24' 43" E) It has aD eleva

cion of 300 to 2650 rn above msl, with a

roral arca of 30.14 km' encompassing 34

r.illages. -fhele arc ! pcrertnirl streams
(Tirikhola, Ranglangkhola, Poolkholt,
Pokchcykhola and Che rn cl.rcykhola)
rvhich rnerge inLo RinjilCrola. N'{ajoL land-
uscs in the wntershecl are LelnPclate natur_

rl foLcst, sub-uopicaL naturll fotcst, cat-
clarnonr based agrofo restt y, mxoddrin
bascd agrc,forestry, cropped :Lrca, lallorv
land and q'ascc land. The micro-carch-
nent for each pe|ennial strcam has a mo-
sai. di.tlibrrric'rr .,f l.rrr,l u'e l,r'acciccs.
-l he warcrshcd has 457o area in rglicul-

turc,260lo in lbrest and 2902b in waste
land as rccordcd using remote senslug
tcchnlques.

'lhc u'atershed atea lies entirely in thc
rnounrainous zonc. The ar-ea is typified by
fblclecl structure and varicd lithologv with
oldel rocks occupyilg rhe ulpef stfuctur-
al lcvels. Ir bcars cvidence of two pelsts-

tcnt thrusts, the Sikkip and thc Tcndong.
The rnajor rock formations in dre rlatct-
shecl are I)arnuda and Daling, The topog-
lapl-ry progressively Lrecorles ruggcd fiom
Lhe R:Lngit rivcr (west) to rhe'l'endong
peak (cast) (Figure 1;Sharma et al. 1992).

Forcsrry in the watershed is broadly cat-

egorized into two typesi (i) terrtpelate nat-
ural lbrest (765 ha) and (ii) subtropical

nxrufal lbresf (21 ha). A roral ,.:f 113 ,,*
spccics have becl recotded in dre alou,
lolests of thc \4'accrshed n4rici indi,:a1,,

high Lriodivelsity. Dctails on structurc qn4

functioning of these lorests :uc Provided
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Figure 1. Location map of ihe Mamlay watershed in Sikkim Himalaya showing drainage'
raingauge siations with altitude and land-use/land cover
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plot five throughfall collectors and five
floor leachate collectors were established.
The floor leachate collectors were covered
by 2 mm mesh nylon net on rhe rop on
which rested the litrer. carefully r.emoved
from the bottom of the collectors. Floor
leachate collectors were inserted into the
soil such that the rim of the container was
horizontal and level with the surface of
the litter. Throughfall collectors rested on
the soil surface such that their upper rims
were also horizontal and about 20 cm
above the surface. Ali throuqhfall and
floor leachate collectors *.r. ,., our in a

. random pattern and measurements were
made at different times during the rainy
season. Iollowing each sariplitrg, "ilthroughfall and floor leachate 

-collectors

were randomly relocated. This technique
is Iikely ro produce more accurate esti-
mates of annual volumes than fixed col-
lectors (Kimm tns 1973) . Throuehfall and
floor leachate volumes were Jlculated
considering the width of the upper rim of
collecting'vessels and converted ro mm.
Average stemflow volume per tree for each
species for a sampling peritd was calculat-
ed. These volumes were then multiplied
by number oF rrees presenr to obrain rhe
total stemflow voiume for each plot and
then convelred ro mm. The biomass in-
corpofation was calculated by using annu-
al biomass increment specific for each
srand. The rree densiry and annual bio-
mass increment values in the present
study were used from previous studies
done in the same warershed: (i) temperate
natural forest and plantarion froresr (Sun-
driyal and Sharma 1996), (11) remperare
cardamom agrofolestry (Sharma et al.
1994), (iii) subtropical natural forest
(Sundriyal et a|. ti94a) and (iv) man-
darin agroforestry (Sharma et al. 1995).
Canopy interception was calculated by
subtracting throughfall and stemflow val-
ues from incident precipitation. Forest-
floor interception was derived from the
difference of the forest-floor leachate with
the added value of throuehfall and stem-
flow.

Nutrient analyses of precipitation,
throughfall, stemflow, and floor leachates
were made in different forest and asro-
forestry sites. The pH of precipirarion-and
partitioned water samples was measured
using glass electrode digital pH meter. Es-
timation of organic-N was made by distil,
iation after digestion whereas for ammo-
nium-N and nitrate-N direct distillation
method was followed. Distillation was
done using Kjeldahl appararus and organ-
ic-N, ammonium-N and nitrate-N were
estimated gravimetrically following Allen

- Watershed outlet
t Beneath each column, P-values associated with an analysis oi variance (ANoVA) are
given, with L.S.D. values (P=0.05) applicable for means of streams and seasons.

Table 3. Rainfall, overland flow and soil loss during the rainy season in selected
under different land-use of the Mamlay Watershed

Rainfall-
(mm)

1482
1222

1482
I zzz
1482
1349

Table 2. sediment concentration and discharge in three perennial streams and
the Mamlay watershed

outler 
^rble 

5. Nutrient content in parent !-''' 
les ot the MamlaY watershed

Stream Season Discharge (l/second) Sediment concentrationfrffi-use Htrlsgll
Tirikhola Summer 11 5.05 niirogen

Rainy 242 947.56
Winter 35 57.g2 )resls . 17 1^

Poolkhola summer 4 2.52 l:[t"jll"" 6.siRainy 145 387.18 ]I:,,;;;'-winter 42 69.74 ffi-*_ug,oforestry 9!?pokcheykhola Summer 2 0.39 vlandarin-agroforestry 9 94Rainy 92 128.29 Sropped area 5.41

Winter s2 84.07 ialtbw land 6.21

Rinjikhola- Summer 363 4.b6Rainy 2840 924.74
Winter 448 g3.6; 1989). Total phosphorus was e

fter evaPoration bY actdtfYtng^a
A|\UVA p-vatuesr (Hinlikholavalues notconsidered in analysis) ns the samples and then FoStream 0.01 0.01 ''r "'l "l'^-1
season 0.005 0.005 nJlybdophotphoric blue colour

Stream x Season 0.005 0.00s Allen 1989).
L.S.D.(0.05) 25 4g.g7 .---__rr^

Overland flow
(% of rainfall)

2.56
4.55

2.17
4.76
9.55
3.77

Soil loss
(kg/ha)

lesults

Land-use

Drainage, discharge, and sedir

vntratioi. Drainage of the Ma

ershed is classified dendritic an

site,. fi1. in the uPPer Part of the v
-'.'")utler lor the watershed is the t

Land-use

Forests
Temperate
Sub-tropical

Agriculture
Cardamom agroforestry
Mandarin agroforestry
Cropped area
Fallow land

streams of a Particular order a

under different tand. ,6. srreams of the next highe,

:hat Feeds the river Rangit' a m

:ary of Tista river. The total leng

,rd., ,tr"*- is 60.60 km, sec<

itream 12.15 km and third o

rm. The watershed has a totr

10.14 km' and the total strear

82.6 km. The drainage densiry

length of streams Per unit area)

,.rih.d is verY high having r

7.74. Total numbers of chann'

lB and 7 in the first, second

order streams, resPectively' Tf
tion ratio (ratio between the I

the first order stream was 4'4

second order stream l' l4'
Discharge was greatest in th(

son and smallest in the summe

The greatest discharge of 284

*"s iecorded in rainY seaso

smallest of 363 l/second in st

son in Rinjikhola. Among
streams the discharge incrc

Table 6' Overland flow, soil an

different land uses)

6
137

30
145
477

43

ANOVA P values Land-use 0.005 0.005

.Total rainfall during May to October 1994
Values ofoverland flow and soil loss are mean ofsix sarnplings

Table 4. Nutrient concentration (mg/g) of parent and eroded soils
use of the Mamlay watershed

Land-use

Forest
Temperate

Sub-tropical

Agriculture
Cardamom-

agroforestry
Mandarin-
agroforestry

Cropped area

Fallow land

Soil type- Total nitrogen Organic carbon Total phosphorus

1.63
1.22
0.78
0.65

0.75
0.68
0.73
0.68
1.60
1.42
1.77
2.40

PS
ES
PS
ES

PS
ES
PS
ES
PS
ES
PS
ES

8.1 3
11.25

2.60
3.92

J.JJ

13.83
2.28
7.39
2.33
4.92
2.60

.25

0.005
0.005
0.005
1.32

79.98
51 .32
24.09
28.37

23.87
62.1 6
19.54
67.54
44.16
24.87
44.05 na

A P valuest
Land-use
Soil type
Land-use 'Soil type
L.S.D. (0.05)

0.005
N.S.
0.005
11.11

0.005
N.S.
N.S.

Forest
Temperate
SubtroPical

/oc
21

.PS 
= Parent soil; ES = Eroded soil

tBeneath each column P values associated with an analysis of variance (ANovA)
with L.S.D. values (P = 0.05) applicable for means of land-use and soil,type. N.S.'
signif icant
Note: Values are mean (n = 5) composir samples

are grven,
is not

Agriculture
Cardamom agrotoreslrY
Mandarin agroforestry
Cropped area
Fallow land

Wasteland
Total

123
19

1220
100
/bo

301 4
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Table 7. Partitioning of incident precipitation into various pathways in different land-use
at temperate and sub-tropical zones of the Mamlay watershed

--Temperate
-sub_tropical 

_
Natural Mandarin
forest agroforestry

precipitation of temperate zone was r0-
wards neurral while it was acidic at 1i.
subtropical site. Ammonium concenllr-
rion was almost the same in both the s11si.

while nirrare concen
rwo rimes higher in r:::t?ilJl'"?'ff[
rlopical sire (Table 8). The pl-{ n1
throughlaIl and sremflow of plrnr.tion
forest in remperate site was acidic. Jli.
stemflow was also acidic in the subtropical
natural forest. Ammonium-N .or..ntrr-
rion in throughfall was highest in natural
forest while nitrate-N was highest in plan-
tation foresr at tefirperare site. In stemflorr.
water both ammonium-N and nitrate-N
were very high in plantation forest in the
temperare zone. Nitrate-N was high in
natural forest at the subtropical site. Floor
leachate pH in cardamom agroforestry
was lower than natural and plantation
afloresrs of rempelare sites. Total-P in floor
leachate was recorded highest in subtropi-
cal natural forest and lowest in cardamom
agroforestry.

Discussion

The drainage rexrure is fine on the
higher elevation and gradually becomes
coarse at the valley. Fine drainage texture
is vulnerable for high rates of erosion
under extensive cultivation. In the Mam-
lay watershed all high hill areas are located
under forest cover where fine drainage
texture is prevalent experiencing mini-
mum soil erosion. Because of the fine tex-
ture and dense folest this zone has high
underground water potential. In spite of
coarse drainage texrure. elosiorr was grear-
est in the middle hills because of dense
population and extensive cultivation. The
discharge in various srreams showed high
seasonality and direct relarionship with
precipitation. About 90% of annual pre-
cipitation was received in rhe monsoon
and the discharge was highest in this peri-
od. Mar.ry streams dried completely in the
surnmer season mainly in the mid hills
because of deforestation and extensive
human activities. This belt is located be-
tween two major thrusts of the water-shed
where water percolates from upper thr-ust
and appears in the lower rhrust through
sub-surlace flow. Sedimenr corrcenrrarion
also showed seasonality similar to dis-
charge. The sedimenr concenrrariorr in
different seasons at all streams showed di-
rect relationship with precipitation. The
highest sediment concenrration in rainy
season was attributed to (i) high rainfall
during this period, (ii) steep slopes, and
(iii) extensive cultivation of the soil prac-
tice in this s€ason.

Rainfall was distributed seasonaily ar.rd

,rrc rh1r,r 900" 
1f 

the inPut was

,ri"g,M.r/ to.Ocrober. The Yc

;..ivc,l rl'ortt 20ol, lcss tainlall ct

, rlrc.lvclage of rhc Foul vear.
.q9{. The overland flow in the

,,.x was highest becausc of inter-rsi

irion and steep aspect of the la

.,,s of r'- kglhalyear fi om agli
,nd represents removal of abou

,lcprh, soil in about 20 years. A s

. ,niic,-rltural fields on unterrace(

.ilo*.d tto.. than 6070 pebble,

'lralrn,r 
et al. Iq92). Palricipator

:dry with farmers also revealed I
,rosion problem and the indicator

,cLvecl by farmers wcre exposlrrl
.oil arrcl stones of deeper soil prol

,lr,erland flow de creased in mr

,,qroforr:stt'y as a result of ploter
:rees. In the subtlopical forest r,

high amount of overland flo
:,cold,'d hecettse ol high bioric 

1

l'rior to the yeal of experimenrrt

bfcst was burr.red which destro

troilnd and tLrtderstot'cy spe.i,
voulcl contribute to greater overl:
ud soil loss. Overland flow and

iLom the fallow land was low com
rgricultural land as it was not d
rnd was covered by ground veg

iimilar- observations on fallow lar

ilso rnade in shifting agliculture s.

:rorth-eastern India by Tbky and I

ishnan (1981).'Ibmperate forest
relatively lower overland flow ,

10... In thc ccntral Himalaya. c,

tively less ove rlancl flow was r,

tiorn the temperate folest but the
\r'as rrlore than the temper-ate fore
prescnt study (Singh et al. 198
high overland flow in the preser
Iocated in the eastelr.r Hirnalaya
consequence of highel rain intcr-r
tnole annual prccipitation. In
nore ovcrland flow in the ternper
ural forest in rhe present study
',r'as less than the central Hima
causc of compiete ground vcg,
ihicker- lbrest floor litter and more
cation of the forest. Caldamol
fbrestr-y is a traditional practrce o
gion and is regarded to be profit:
sustainable farming system. The r

llow in the cardamom agroforer
minimum because of good canop
age and high dcnsity of trees. 

-

overland flow values in temperate
Iblest and cardamom agrofot'estry
that thc catchment areas under th
trses encourage high infiitration a

sr"u"facc flow. Brcn and Tirr-ner' (19

BLen (1980) studiecl the surface rt
steep fore.stecl infiltrating slopes'

Parameters

Natural Plantation
forest forest

Cardamom
agroforestry

Incident precipitation (mm)

Throughfall (mm)

Stemflow (mm)

Canopy interception (mm)

Floor leachate (mm)

Floor interception (mm)

Biomass incorporation (mm)

1222 1222

708 752
(37) (83)

4.9 62
(0.4) (B)

509 408
(57) (63)

277 595
(87) (1 1e)

436 219
(5e) (34)

1.59 0.27

1482

1 190
(210)

147
(21)

145
(26)

644
(80)

693
(e1)

0.94

1482

4BB
(63)

264
(34)

730
(141)

619
(175)

IJJ

(24)

0.63

1482

816
(e2)

57
(6)

609
(82)

608
(222)

265
(57)

0.53

Note: Standard errors are given in parenthesis (n=6)

perate zone, and natural forest and man-
darin agroforestry in subtropical zone of
the watershed is presented in Thble 7. In
lempe rate naruraI foresr precipirarior] par-
titioned into 80.3olo throughfall, 9.9%
stemflow and 9.80/o intercepted by
canopy. About 48olo of the water was col-
lected as leachate and the floor intercep-
tion was 52% (Tzble 7). In the case of
plantation in temperate forcst, 49o/o of
canopy interception was recorded. In the
temperate cardamom agroforestry,
throughfail was recorded 55o/o of total
precipitationJ canopy interception was
41o/o and stemflow was just 4o/o. In the
subtropical natural forest, throughfall was
about 58%, canopy interception was 42o/o

and the stemflow was negligible that
amounted less than 1% (Table 7). The
floor leachate was 39%o and remaining
610/o was recorded to be the floor inter-
ception. Stemflow in the mandarin agro-
forestry system was higher (5%) rhan that
recorded from sub-tropical natural forest.
The total amounr of warer on the floor
partitioned as 73o/o leachate and remain-
ing 27o/o as floor interception in the man-
darin agroforesrry sysrem (Table 7).

The pH and nutrient analyses in pre-
cipitation warer, rhroughfall, stemflow,
and floor leachate were esrimared in dif-
ferent forest and agroforestry stands in
subtropical and temperate zones of the
watershed (Table 8). The pH of water ir.r

Table 8. pH and nutrients in precipitation, throughfall, stemflow and floor leachate in dif-
ferent foresVagroforestry sites in the Mamlay watershed

Parameter

-Temperate -

Natural Plantation Cardamom
_sub_tropical _
Natural Mandarin
forest agroforestryforest agroforestry

Precipltation - (n=5)
pH
NHa+(mg/l)
NO3-(mg/l)

Throughfall (n=9)
pH
NHa+(mg/l)
NO3-(mg/l)
Organic-N (mg/l)
Total-P (mg/l)

Stemflow (n=9)
pH
NHa+(mg/l)
NO3- (mg/l)
Organic-N (mg/l)
Total-P (mg/l)

Floor leachate (n=6)
pH
Organic-N (mg/l)
Total-P (mg/l)

6.93 * 0.25 5.60 x 0.42
3.76 t 0.63 6.92 t 1.45
7.23 r 1.65 7.64 x 2.38
.1 .54 t 0.15 1.13 * 0.15
0.84 r 0.16 0.53 t 0.18

5.61 r 1.19
1.87 x 0.47
5.33 t 0.76

6.01 :t0.27 6.49 t0.44
2.13 t 0.51 1.45 t 0.34
5.91 t 0.96 5.25 x.0.72
0.96 t 0.07 1.24 x.0.23
0.99 t 0.20 0.44 t 0.02

5.88 t 0.25 6.36 r 0.49
3.78 t 0.64 2.78 t 0.38
9.04 t2.51 3.96 t 0.B2
1 .31 t 0.14 1 .36 + 0.13
0.93 r 0.21 0.58 t 0.09

6.57 r 0.31 5.98 t 0.27
1.47 t 0.13 1.43 r 0.23
1.60 t 0.28 0.96 t 0.12

6.67 t 0.59
1.81 t 0.23
2.73 x.0.42

6.61 r 0. 1 9 5.80 t 0.28 6.36 t 0.1 6
2.83 x 0.42 2.48 x 0.38 2.71 + 0.30
5.73 r 1.68 7.81 x 2.14 6.45 t 1.72
0.84 t 0.08 0.78 t 0.16 0.88 t 0.10
0.81 r 0.19 0.92 x0.17 0.92 t 0.2S

6.42 + 0.17
2.64 x 0.42
5.79 t 2.78
0.83 t 0.10
0.40 * 0.09

6.57 r0.21 6.68t0.27 6.10r0.34
1.26t0.12 0.96t0.16 1.60t0.27
1 .03 t 0.29 .1 

.1 0 r 0.1 6 0.60 t 0.1 7

-Precipitation was measured at one site each in temperate and subtropical zone and not on
land-use basis
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Gonclusion

The Mamlay watershed presenrs a

major human habitation zone in the east-
ern Himalayas. All the land uses and cul-
tivation practices followed in the region
are found there. A major proportion of
the land cover is rainfed aericulture in-
volving inrensive croppinglpracrices on
open, unterraced slopes, and agroforestry
systems. The study was objectively divid-
ed into three sets of comoonents of hv-
drological cycle, (i) srream flow and seji-
ment concentration, (ii) overland flow
and concomitant soil loss rares under.dif-
ferent types of land managemenr, and (iii)
precipitation namely throughfall, stem-
flow, canopy interception, floor leachate,
floor interception and biomass incorpora-
tion pathways in forests and agroforestry
systems. The catchment draining into a

particular stream in the watershed com-
prised of six land use pracrices and there
was no uniform land use for a stream.

The sediment load was grearesr in rainy
season in all the streams of rhe watershed.
This was attributed to high rainfall, steep
aspects and extensive cultivation practices
in the rainy season. The overland f1ow,
and soil and nutrient loss were qreatest
from open agricultural fields andleast in
cardamom agroforestry. The values in
mandarin agroforestry were also much
smaller than those from the open agricul-
tural area. This suggests an increase of
agroforestry systems from the exisring
open agricultural (cropped) pracrice. Such
a practice. would help in soil and nutrienr
conservation consequently enhancing the
soil fertility sratus and productivity. The
results for the overland flow, soil and nu-
trient loss, and precipitation partitioning
in different pathways in natural forest and
agroforestry systems suggests that these
land uses promote conservation of soil,
water and nutrienrs. Sequential precipita-
tion partitioning in forests and agro-
forestly sysrems depend on systems' u-erti-
cal stratification. An inverse relationshio
was observed between floor inrerception
and soil erosion. Therefore, it is recom-
mended that the dense mixed foresr cover
should be maintained at higher elevations
in the watershed to regulate and ensure
stream flow and also to minimize the risks
of landslides. The conversion of forests to
agriculrural land has been quite conspicu-
ous in the last few decades (this is a gener,
al trend in most of the areas ln rhe Hi-
malaya) and it has to be reversed
immediately.
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